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lO ! Abstract 

We calculate the vector and axial-vector form factors of B^^d^s decays into P-wave axial-vector 
inesons in the light-cone sum rule approach. For the sum rule results, we have included corrections 
of order mA/'n^b^ where tjia is the mass of the axial- vector meson A. The results are relevant to the 



Oh; 

D I light-cone distribution amplitudes of the axial- vector mesons. It is important to note that, owing to 



the G-parity, the chiral-even two-parton light-cone distribution amplitudes of the ^Pi {^Pi) mesons 
are symmetric (antisymmetric) under the exchange of quark and anti-quark momentum fractions 
<*■ [ in the SU(3) limit. For chiral-odd light-cone distribution amplitudes, it is the other way around. 

f^^ I The predictions for decay rates of B^^d^s —^ Aeve are also presented. 



I. INTRODUCTION 

The inclusive and exclusive B decays provide potentially stringent test of the Standard Model. 
Although the inclusive rare decays are theoretically clean, they are a challenge for measurements 
at B factories. The exclusive processes may easily be accessible for experiments, but knowl- 
edge of form factors is required. The production of the axial-vector mesons has been seen in 
charmful B decays: B -^ J/iIjKi{1270) and B -^ Dai (1260) [ll]- As for charmless hadronic B 
decays, i?° -^ af (1260)7r^ are the first modes measured by BABAR and Belle [3, y, Ij]. In- 
formation for weak phase a = arg(— Vf^V^^/V^dy^*^) can be extracted from their time-dependent 
measurement or by relating these decays with corresponding AS = 1 decays. BABAR has fur- 
ther reported the observation of the decays 5° -^ bf7r^,btK-,K{{1270)7r^,K{{U00)TT+,afK- 
and B- -^ 6?7r-,6?iv:-,a?7r-,a^7rO,a^:^°,/i(1285)i^-, fi(1420)ii'- 0,3. Very recently, B -^ 
K^{1270)(l), K^ (1400)(/) have been observed by BABAR [a]. Using the QCD factorization approach, 
we have studied charmless two-body B decays involving one or two axial-vector meson(s) in the 
final state 0,B[l3]- 

In the quark model, two lowest nonets of J^ = 1^ axial-vector mesons are expected as the 
orbitally excited qq' states. In terms of the spectroscopic notation v? ^"^Lj, where the radial 
excitation is denoted by the principle number n, there are two types of the lowest p-wave mesons, 
namely, l^Pi and l^Pi. These two nonets have distinctive C quantum numbers, C = + and C = — , 
respectively. Experimentally, the J^ = V^~^ nonet consists of ai(1260), /i(1285), /i(1420) and 
KiA, while the 1^ nonet contains 6i(1235), /ii(1170), /ii(1380) and Kib- The physical mass 
eigenstates iCi(1270) and Ki(1400) are mixtures oiKiA and Kib states owing to the mass difference 
of the strange and non-strange light quarks. 

In QCD language a real hadron should be described in terms of a set of Fock states for which 
each state has the same quantum number as the hadron. Because of G-parity, the decay constant 
for the local axial-vector {local tensor) current coupling to the ^Pi i^Pi) state vanishes in the SU(3) 
limit. However the constituent partons within a hadron are actually non-localized. Projecting the 
axial-vector meson along the light-cone, due to the G-parity the chiral-even light-cone distribution 
amplitudes (LCDAs) of a l^Pi (1^-Pi) meson defined by the nonlocal axial-vector current is anti- 
symmetric (symmetric) under the exchange of quark and anti-quark momentum fractions in the 
SU(3) limit, whereas the chiral-odd LCDAs defined by the non-local tensor current are symmetric 
(antisymmetric) [ll|, [l^] ■ The large magnitude of the first Gegenbauer moment of the mentioned 
antisymmetric LCDAs can have large impact on B decays involving a l^Pi or/and l^Pi meson(s). 
The related phenomenologies are thus interesting [^, Isl, ll3(] . 

In this paper we present the first complete analysis for the form factors of the .6^,^,5 decays 
into light axial-vector mesons {A) via the vector/axial-vector current in the light-cone sum rule 
(LCSR) approach, where A is the light P-wave meson which can be the l^Pi, l^Pi or their mixture 
state. The method of light-cone sum rules has been widely used in the studies of nonperturbative 
processes, including weak baryon decays [ij], heavy meson decays 15|, and heavy to light transition 
form factors [16], llll, [la] . Using the traditional QCD sum rule approach 19[, where the three-point 
correlation function is considered, B ^ ai form factors were calculated in Ref. 20(]. The BABAR 



measurement of B^ -^ a^TT- [3] favors Fq^^HO) ~ 0.30 @, S 
LCSR result that we obtain here. The value given in Ref. 



, which is in good agreement with the 



201 1 is a little small but still consistent 



with the data within the errors. B ^ A form factors were studied in Ref. 2l|] by using the light- 



front quark model. Nevertheless, it is found to be Vq "^(0) = 0.13 in the light-front quark model 
calculation. It is interesting to note that very recently Wang [23] used the B meson light-cone sum 
rule approach to calculate B ^> ai form factors. 

The rest of the paper is organized as follows. The definitions of decay constants and Bq ^> A form 
factors are given in Sec.|TIl In Sec. lIIII we derive the light-cone sum rules for the relevant form factors. 
The numerical results for form factors are given in Sec. IIVI where we also give the predictions for 
decay rates of B^^^i^g — > Aeue- A brief summary is given in Sec. |Vl The relevant expressions for 
two-parton and three-parton LCDAs are collected in Appendix [XI an alternative definition for the 
form factors is given in Appendix [Bl and the formula for semileptonic Bu^^s -^ AeUf. decays is 
presented in Appendix O 

II. DEFINITIONS OF DECAY CONSTANTS AND FORM FACTORS 



The G-parity^ conserving decay constants of the axial-vector mesons are defined as 

(l3pi(P,A)|g-i (0)7^75^72(0)10) = ihp^m,p^e<^\ (2.1) 

(liPi(P,A)Ig-i(0)a^,75'Z2(0)|0) = /f^pj6*Wp,-6:Wp^), (2.2) 

where /ap^ is scale-independent, but f^p is scale-dependent [ul, [l^. On the other hand, we define 
the G-parity violating decay constants to be 

(l3pi(P,A)|gi(0)a^,7592(0)!0) = hp^a^'"'' {e^'^'^P, - 4"-^ P^), (2.3) 

(liPi(P,A)i^i (0)7^7592(0)10) = it\\{lGeV)4;'^'m.p^e<'^\ (2.4) 

iSpNlp-. 3plp 

where Oq ' and Oq , which are respectively the zeroth Gegenbauer moments of $_|_ ^ and <I>|| ^, 

are zero in the SU(3) limit. The definitions for the LCDAs <I>_|_ ^ and <I>|| ^ are collected in Ap- 
pendix [XI We further define fip = fsp^ and fip^ = f^ {fi = 1 GeV) in the present study as did 
in Ref. [ll[. In the present work, the G-parity violating parameters, e.g. al' ^^,ao2 ^'^jOi' ^^ 
and Oq 2 ^^ , are considered for mesons containing a strange quark. Note that for G-parity violating 
quantities, their signs have to be flipped from mesons to anti-mesons. 
The semileptonic form factors for the Bg ^ A transition are defined as 

{A{P,X)\A^\Bq{pB)) = i ^- e^,afsel^^^p%pfA^^^{q^), 

mpq +mA ^ ' 

{A{P,X)\V^\Bq{pB)) = -|(mp,+mA)6W*yi^«^(g2)-(eW*.pp)(p5 + P)^-^2' ('?') 



rriB +mA 



eW* . pp 



-2mA-^q>^ [V,^^\q') - Vo^^^^) 



(2.5) 



^ Here the idea of G-parity is extended to U-spin and V-spin multiplets. 



where q=pB-P, vf '^(0) = vf '^(0), 

..B,A. 2x ruB + mA^.B^A, 2\ rnB-niA BgA,2\ /o«^ 

^3 M'Z ) = ^;;^;^n ('^)-^;;^^^2 («), (2.6) 

and we adopt the convention e^^^s _ _-|^_ p^^ alternative definition for the form factors is given in 
Appendix [Bl 



III. THE LIGHT-CONE SUM RULES 

We consider the following two-point correlation function, which is sandwiched between the 
vacuum and transversely polarized A meson (in this section A = a pure l^Pi or l^Pi state), to 
calculate the form factors: 

i J d'xe^'^^AiP, ±)\TMxh,{l - 75)6(x) j^^ (0)]|0) 

= -Vi(52)^*(±) ^ V2(<z2)(6*(^)<7)(2P + q), + V{q'f-^q^ 

-iA{q')e^,p^el'[^qPP% (3.1) 

where p^ = {P + g)^, P is the momentum of the A meson, and jb = i^275& (with gi(2) = u,d or s) 
is the interpolating current for the Bg^ meson, so that 

(OK,(0)I^..(pb)) = „/^ :' . (3.2) 



nib + mq^ 

In the region of sufficiently large virtualities: ml — p'^ ^ AqcD^T-fe with q"^ being small and 
positive, the operator product expansion is applicable in Eq. (j3.ip . so that for an energetic A 
meson the correlation function in Eq. (j3.ip can be represented in terms of the LCDAs of the A 
meson: 



i f d^xe^'^^A{P,±)\TMx)j,il-j,)b{x)jim\0) 



du- TTT^ 2^1- 

b 



"'"'{q + ky -m? 



7/.(l-75)(^+ ^ + m6)75Mf 



k=uEn- 



+ o(#). (3.3) 

where E = \P\, P^ = En^ + m\n^/{AE) ~ En^ with two light-like vectors n^ = (1, 0, 0, —1) and 
n^ = (1,0,0, 1) satisfying ri-n^ = 2 and n^ = n^ = 0. Here, E ~ m^, and we have assigned the 
momentum of the gi-quark in the A meson to be 

3 

AuE' 

where k± is of order Aqcd- Here u is the momentum fraction carried by the quark in the axial- 
vector meson. In Eq. (j3.3p . to calculate contributions in the momentum space, we have used the 
following substitution 

"^ ^~'dk;''~\2Ed^^dkz:r ^^^ 



kf" = uEn^_ + A:^ + 7^< , (3.4) 



to the Fourier transform for 



{A{P,X)\qia{x)q2s{0m 
X I fAiriA 



"4 JO 



dne^"^^ 



^-¥*«(")-^^iK^-^¥-i"'"') 



^iz 



+ /i 



1 



2(Pxf 



;m^g^{u) + e^ypa e*f^^fpPx'' 7 



^.,.9i\n) 



^(f^.)-^.)/')75(^.(n) + ^A,^) 



^W^ ™2 7(i) 



- f ^- ^ f U^^^^j^/, w(^) _ 1^ ._ ^ ^ U,-£.h,{u) 



'{Px) 



m, 



Px 



i^u^) 



TTT-Alb 



h\C\u) 



(3.6) 



- J Sa 



where x^ ^ 0, 



Uu) = g3{u)+^\\-2g^f{u) 



h 



W _ ;,(*) 



1 



1 



h ' - -$±(n) - -hsiu), 



2 "^ ' 2 



(3.7) 



The detailed definitions for the relevant two-parton LCDAs are collected in Appendix El In Eq. 
p.Sp the term of order fc^ is omitted in the calculation. Consequently, we can obtain the light-cone 
projection operator of the A meson in the momentum space, 



Msi = MsJ + Msai , 



(3.8) 



where M^h and M^± are the longitudinal and transverse projectors, respectively. The longitudinal 
projector which projects the longitudinal component of the axial-vector meson is given by 



Mif 



J A "^^(^(A) 



rij 



i_75$||(u) 



(t). 



f A ITT- A 
fA E 



- 0"^i/75 "--"-+ /i I (^f) 



iE dv{^^{v)-h'^>{v))a^,^^ 



d 



n_ 



dkA 



+ 15- 



hpiu) 



k=up \ / 



(3.9) 



and the transverse projector reads 



Ia ruA 



fF^\5 9i\u) - E rdv{^\\{v)-g^l\v)) i^i,ef^ -^ 



s^y 



(v). 



t^A^y ^p L- 31 N _ p ayju) d 



+ leuupa 7^1 n'L\n 



£'■ 



4 dk^^ 



k=up 



dkj_f. 



(3.10) 



where the exactly longitudinal and transverse polarization vectors of the axial-vector meson, inde- 
pendent of the coordinate variable x, are defined as 



*(0)m 



E 

rriA 



1- 



4^2 



m 



4E^< 



*(A)m 



^*(A)^_ 



KA) 



n. 



■ n_ 




. (3.11) 



Here we have assumed that the meson moves along the n^ direction. A similar discussion about 
the projection operator for the vector meson can be found in Ref. 23|. From the expansion of the 



transverse projection operator, one can find that contributions arising from gf^ t^\\ — g± ,9^ , 
and g]^ are suppressed by itia/E as compared with the term with ^±. Note that in Eq. (j3.3p the 
derivative with respect to the transverse momentum acts on the hard scattering amplitude before 
the collinear approximation is taken. Note also that applying equations of motion, the twist- 
three two-parton LCDAs can be expressed in terms of leading-twist and twist-three three-parton 
light-cone distribution amplitudes. One can thus understand from Eqs. (j3.9p and (|3.10p that the 
expansion parameter in the light-cone sum rules should be TTz^/m^, instead of twist. 

At the quark-gluon level, after performing the integration of Eq. (|3.3p . the results up to 
0{mA/mb) read 



Y QCD 




uPb 



uq'^ 



rat 



mt 



''-^Hu)-i'^]2ugt\u) 
K^bfAj 



(3.12) 



Y QCD 



bJA 



^ll 



dui 



$-L(n) niAfA 



2$„(n) 



mt 



up% 



uq^ 



™'b iT^bfi ("ife - up% - uq^) 



2^2 



(3.13) 



yQCD 



q^mlf^ 



bJA 



du 



$-L(n) niAfA 



2^a{u) 



u \mt 



upl 



uq'^ 



mt 



rribfA i^b - ^Pb - ^1^) 



2^2 



(3.14) 



^QCD 



-'mlfA / du 



1 



^^(u) niAfA gt\u)l2 



mt 



up% 



uq'^ 



mt 



(3.15) 



% ~ "'t'B ~ "-y "% l^bfA y^b ~ "^Pb ~ ^9 ) J 

where ^a{u) = J^ dv {^\i{v) — g^ (v)) and u = 1 — u. Note that here the contributions due to the 
explicit three-parton LCDAs are suppressed by 0{m,\/m'^) as compared with the term involving 

^±. 

We have given the results for Vi, V2 and A from the hadron and quark-gluon points of view. 
Thus, for instance, for the form factor Vi the contribution due to the lowest-lying A meson can be 
further approximated with the help of quark-hadron duality: 



V,{q' 



mBg^ + mA 



m,. 



IJb 1 pImVlQCD(s,g2^ 



m. 



■ Pb "^6 + m,, 



92 



TT 



s-pI 



ds . 



(3.16) 



where sq is the excited state threshold. After applying the Borel transform p'^ 
to the above equation, we obtain 

{rriBg^ + mA)imb + mg^) _ 



M2 



i5i,[i3,[3 



Vi{q' 



/M2 1 



m 



Bo 



Jb 



IT 



Jm? 



We obtain the light-cone sum rule results: 
{mB,^+mA)m\jB,^ 



yf-^(,2) = _^^i^^ + ^MA y.,,-<)IM- /^n|ie-('^^-™^)/("^^^)0[c(n,.o)] 



y/-^(,2 



u 



, I ^^(u)4zjf. _ !:!i!^j±:!!l!!M|d,M(„)) \, 



2um^ 



f^Ba 



rribfi 



) ^ (^b + mg,)imB,^ + mA)fi ^(m|„^ -mg)/M^ /■'d^jie^Cg^— ?)/{«M2) 



2"^L/s,2 



?^ 



m^,^ 2m^m,/^_^^^^^ / ^^^^^ ^^^^ ^ ^M^J^n, .0)] 



mB„. + m-A uM'^fi 



(3.18) 

c^^(n)e[c(u,so)] 
(3.19) 






"U 



2mAmbfA 



$a(u) ^[c(n, so)] + uMH[c{u, so)] 



cl>^(n)0[c(n,so)] 
(3.20) 



AB^.%^) = (^fe + ^gJ(^i?., + ^A)f^ J^L^ ->ng)/M^ |l^^ri^,(,2_„2)/(„^,2) 

'^'^'bJb,, Jo [u 



rriB. 



" '^'''^'^'''g'lHu) e[c{u,so)]+uM'6[ciu,so)] 



rriB,^ + ruA 2uM^fj 
where V^ ''^ {q^) is given by Eq. (|2.6p . and c{u, sq) = usq — ml + (1 — u)q'^. 



$^(n)0[c(n,so)] 



(3.21) 



IV. RESULTS 



A. Input parameters 



In this subsection we shall briefly summarize the relevant input parameters, which are collected 
in Tables HI lU and IlIII The masses of u and d quarks are neglected. 

The physical states iri(1270) and i^i(1400) are the mixtures of the Kia and Kib- Kia and 
KiB are not mass eigenstates, and they can be mixed together due to the strange and nonstrange 
light quark mass difference. Their relations can be written as 



|^i(1270)) = \KiA)smeK, + \KiB)coseK„ 
\Ki{UOO)) = \KiA)cos9K,-\KiB)smeK^. 



(4.1) 



The sign ambiguity for 6ki is due to the fact that one can add arbitrary phases to \Kia) and \Kib)- 
This sign ambiguity can be removed by fixing the signs for Jkia ^^d f^ , which do not vanish in 
the SU(3) limit. Following Ref. Ill], we adopt the convention: /kia > ^>XkiB ^ *-*■ Combining the 
analyses for the data of the decays B — > Ki^ and t~ — > iC-j" (1270)1^,- [l|, I2J], the mixing angle was 
found to be Ok^ = -(34 ± 13)° [13 1. 



Analogous to the rj—rj' mixing in the pseudoscalar sector, the l^Pi states, /i(1285) and /i(1420), 
have mixing via 

|/i(1285)) = I/i)cos03p, + \fs)sme,p^, |/i(1420)) = -|/i)sin^3p, + \fs)cose,p^ , (4.2) 

and hkewise the l^Pi states, /ii(1170) and /ii(1380), can be mixed in terms of the pure octet /ig 
and singlet hi, 

|/ii(1170)) = |/ii)cos6lip^ + |/i8)sin6lip^, |/ii(1380)) = -\hi)sm9ip^ + \hs)coseip^ . (4.3) 



Using the Gell-Mann-Okubo mass formula 1]|, we obtain the mixing angles 9ip^ and Osp-^ to be 



+17.0NO 



Bsp^ = (23.6+^^: 
For ^Pi states the decay constants / 



iPi 



.l+;^;«)°, for^;^, = -(34±13)^ 



/i(1285) 



and / 



/i(1420) 



are defined by 



(0k-7M75g|/i(1285)(P,A)) = -zmj^(^i285)fl^us5f)l 

(0197^75^1/1 (1420) (P, A)) = -«"l/^ (1420)//! (1420) 



(A) 



(4.4) 



(4.5) 



.(A) 



and for l^Pi states the tensor decay constants are 



^P^ 



'.A)) = ^ft 
The reader is referred to [8|, lll| for details. 



(4.6) 



(0|gc7^.5|/ii(1380)(P,A)) = ^//^'fiaso) e/..a/3efA)^^ • 



TABLE I: Masses and decay constants for l^Pi and l^Pi states obtained in the QCD sum rule 
calculation 



iH- 



State 


Mass [GeV] 


Decay constant /3{i 


pjMeV] 


ai(1260) 


1.23 ±0.06 


238 ± 10 




Ml'Pi) 


1.28 ±0.06 


245 ± 13 




fsil'Pi) 


1.29 ±0.05 


239 ± 13 




KiA 


1.31 ±0.06 


250 ± 13 




&i(1235) 


1.21 ±0.07 


180 ±8 




/ii(liPi) 


1.23 ±0.07 


180 ± 12 




/l8(l'Pl) 


1.37 ±0.07 


190 ± 10 




KiB 


1.34 ±0.08 


190 ± 10 





TABLE II: Gegenbauer moments of <I>j_ and ^u for l^Pi and l^Pi mesons, respectively, -where 
Oq ' ^^ and Oq ^^ are updated from the i?—s- K17 analysis, and a^' ^^,^2' ^'*i'^2 ^^janda^^' ^^ 
are then obtained from Eq. (141) in Ref. [lll |. 



^ 


II, ai (1260) 
0-2 


II f'^i 

4 


II f'^i 

«2 


J,KlA 
^2 


„ll,i^lA 
«1 


1 GeV 
2.2 GeV 


-0.02 ±0.02 
-0.01 ±0.01 


-0.04 ± 0.03 
-0.03 ± 0.02 


-0.07 ±0.04 
-0.05 ± 0.03 


-0.05 ± 0.03 
-0.04 ± 0.02 


-o.3oi°:°° 

-0.251°:?? 


M 


±,ai(1260) 
"1 


3p 

+ J/^ 
«1 




a^^- 


ao-'-- 


„+,i^iA 


1 GeV 
2.2 GeV 


-1.04 ±0.34 
-0.85 ±0.28 


-1.06 ±0.36 
-0.86 ± 0.29 


-1.11 ±0.31 
-0.90 ±0.25 


-1.08 ±0.48 
-0.88 ± 0.39 


0.271H? 

n 9r;+0.03 
'-'■^"-'-0.16 


0.02 ±0.21 

0.01 ±0.15 


M 


||,bi(1235) 
"1 


11,^^^ 

Ol 




J,KlB 

«1 




4'^- 


1 GeV 
2.2 GeV 


-1.95 ±0.35 
-1.61 ±0.29 


-2.00 ± 0.35 
-1.65 ±0.29 


-1.95 ±0.35 
-1.61 ±0.29 


-1.95 ±0.45 
-1.57 ±0.37 


-0.19 ±0.07 
-0.19 ±0.07 


o.iot°:i^ 
o.o7l°:i^ 


M 


±,6i(1235) 
0-2 


1 D 


1 D 

a2 ' 


(jj2 


a^^- 


1 GeV 
2.2 GeV 


0.03 ±0.19 
0.02 ±0.15 


0.18 ±0.22 
0.14 ±0.17 


0.14 ±0.22 
0.11 ±0.17 


-0.02 ± 0.22 

-0.02 ±0.17 


0.30+°:°° 

94+0-00 



B. Numerical results for the form factors 



We numerically analyze the light-cone sum rules for the transition form factors, -where the pole h 
quark mass is adopted in the calculation. The parameters appearing in the sum rules are evaluated 
at the factorization scale jif = Jrn?^ — '^Ipoie- 

We find that, for sq ~ (34 ~ 37) GeV^, the Vi sum rule can be stable -within the Borel mass 
range 6.0 GeV^ < M^ < 12.0 GeV^. Therefore we choose the Borel windows to be 6.0 GeV^ < 
M2 < 12.0 GeV2, (6.0 ± (^yj GeV^ < M^ < (12.0 ± ^2) GeV^, and (6.0 + 6a) GeV^ < M^ < 
(12.0 ± 6a) GeV^ for Vi, V2, and A, respectively, where the correction originating from higher 
resonance states amounts to 8% to 20%. Vo(0) equals to V3(0), where the latter can be obtained 
from yi(0) and ^2(0). As for q"^ / 0, the Borel windows for ^3(^2) _ Voiq"^) is (6.0 ± 6v) GeV^ < 
M^ < (12.0 ± 6v) GeV^. The excited threshold sq is determined when the most stable plateau 



TABLE III: Input parameters for quark masses, CKM matrix element, and effective Brg\ decay 
constants, and for twist-3 3-parton LCDAs of the Kia and Kib states [l|, |jj|. The G- par ity 



,KlB 



violating parameters are updated due to new values for a^ ' ^^ and Gq ^^ given in Ref. 13| 



strange quark mass (GeV), pole 6-quark mass (GeV), and couphngs 


m,(2GeV) mb,poie a,(l GeV) a,(2.2 GeV) 


0.09 ±0.01 4.85 ±0.05 0.495 


0.287 


the CKM matrix element and the effective i?(g) decay constants 


\Vub\ 


fBias = 0) [MeV] 


fBs{as = 0) [MeV] 


(4.31 ± 0.30) X 10-3 


145 ± 10 


165 ± 10 


G-parity conserving parameters of twist-3 3-parton LCDAs at the scale 2.2 GeV 




fr,P. [GeV^] 


/3^3p, [GeV2] 


ai 

h 

h 

KiA 


0.0036 ±0.0018 -2.9 ±0.9 0.0012 ± 0.0005 
0.0036 ± 0.0018 -2.8 ±0.9 0.0012 ± 0.0005 
0.0035 ± 0.0018 -3.0 ±1.0 0.0015 ± 0.0005 
0.0034 ± 0.0018 -3.1 ±1.1 0.0014 ± 0.0007 




f3%. [GeV^] c^p^ 


fLp, [GeV^] 


bi 
hi 
hs 

KiB 


-0.0036 ± 0.0014 -1.4 ±0.3 0.0030 ± 0.0011 
-0.0033 ± 0.0014 -1.7 ±0.4 0.0027 ± 0.0012 
-0.0035 ± 0.0014 -2.9 ±0.8 0.0027 ± 0.0012 
-0.0041 ± 0.0018 -1.7 ±0.4 0.0029 ± 0.0012 


G-parity violating parameters of twist-3 3-parton LCDAs of the Kia at /i = 2.2 GeV 




<. 


0.01 ±0.04 -0.12 ±0.22 


-1.9 ±1.1 


G-parity violating parameters of twist-3 3-parton LCDAs of the Kib at /U = 2.2 GeV 




<n 


-0.23 ±0.18 1.3 ±0.8 


0.03 ± 0.03 



TABLE IV: Parameters (in units of GeV^) relevant to the excited-state thresholds of the light-cone 
sum rules, where mmf,,poie = 4.85 GeV is used. Here parameters correspond to q'^ = 0. 





B ^ai 


B^fi 


B^fs 


B -^ KiA 


B^bi 


B^hi 


B^h^ 


B 


^KiB 


So 


34.18 


34.17 


34.10 


34.14 


34.25 


34.90 


35.02 




34.23 


6v2 


3.05 


3.15 


3.12 


3.55 


4.38 


7.48 


5.64 




3.75 


Sv 


3.05 


3.15 


3.12 


3.55 


4.38 


7.48 


5.64 




3.75 


Sa 


1.61 


1.55 


1.56 


-0.46 


3.25 


3.42 


1.82 




2.55 
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of the Vi sum rule result is obtained within the Borel window. Using the same sq, we can then 
determine 5vi, Sa, and 6v, so that the sum rule results for V2, A, and V3 — Vq are stable within the 
Borel windows. In Table IIVI we show that, for q^ = and mb,poie = 4.85 GeV, the corresponding 
so's lie in the interval 34 — 35 GeV^. The values of 6v2,A,v, corresponding to rrih^poie = 4.85 GeV, 
are also collected in Table IIVI In the present study, the excited thresholds change slightly for larger 
q'^. However, for simplicity the values of sq and 6v2,A,v are chosen to be independent of q"^. 

In the numerical analysis, we use the effective B decay constant fsio^s = 0) = 145 it 10 MeV, 



which is in agreement with the QCD sum rule result without radiative corrections 25|. We have 
checked that, using this value of fs and rrn, = 4.85 GeV in the light-cone sum rules of -B ^ 
p transition form factors of the same order of a^ and nip/mi), we can get results: A^ ''(0) ~ 
0.23,Af''(0) ~ 0.22, and ^^''(0) ~ 0.32, in good agreement with that given in Ref. 0, where 
the radiative corrections are included. In the literature, it was found that the contributions due 
to radiative corrections in the form factor sum rules can be canceled if one adopts the fs sum 
rule result with the same order of a^-corrections in the calculation 1^, l26|]. Therefore, radiative 
corrections might be negligible in the present analysis. 

Including the terms up to order of TTz^/mft in the light-cone expansion, the three-parton distri- 
bution amplitudes do not contribute directly to the sum rules, but they enter the sum rules since 
gj" and g^ can be represented in terms of the leading-twist (two-parton) and twist-3 three-parton 
LCDAs. To estimate the theoretical uncertainties of the sum rule results due to higher-twist effects, 
we put all parameters related to twist-3 three-parton LCDAs to be zero and find that the changes 
of the resulting form factors are less than 3%. We thus conclude that the higher- twist effects might 
be negligible. 

The form factors results in the light-cone sum rule calculation are exhibited in Table [Vj where 
the momentum dependence is parameterized in the three-parameter form: 

with F^'i = Vq 12 o^ A^i . For simplicity, we do not show the theoretical errors for the parameters 
a and b. As q^ ^ 10 GeV^, the sum rule results become less stable. To get reliable estimate for 
the g^-dependence of the form factors, the present results are fitted in the range < g^ < 6 GeV^. 
The theoretical errors for -F(O) are due to variation of the Borel mass, the Gegenbauer moments, 
the decay constants, the strange quark mass, and the pole b quark mass, which are then added in 
quadrature. The errors are dominated by variation of the pole b quark mass. It should be stressed 
that in the convention of the present work, the decay constants of l^Pi and l^Pi axial-vector 
mesons are of the same sign, so that the form factors for B -^ l^Pi and B -^ l^Pi transitions have 



opposite signs. The sign convention is the other way around in the light-front quark model 2l| 



and perturbative QCD [27[ calculations. 

For the numerical analysis of Bg — > form factors, we adopt the effective decay constant fssi^s = 
0) ~ 1.14 X fB^{cis = 0) ~ 165 ± 11 MeV, which is estimated by using the relevant QCD sum rule 
result. Finally, we obtain the relations (with F = Vo.1^2 or A): 

pBsKiA(^q2^ ~ i?Bs/i(g2) - ~ pBsf8(^q2^ 

11 



TABLE V: Form factors for B^ci -^ 0-1,^1, Ku^, Kib, fi, fsi^i: ^8 transitions obtained in the light- 
cone sum rule calculation are fitted to the 3-parameter form in Eq. (j4.7p . Here, because the decay 
constants, /sp^ and fip , which are defined in Eqs. (j2.ip and (j2.2p . are of the same sign, the form 
factors for B —^ l^Pi and B -^ l^Pi transitions have opposite signs. 



F 


F(0) 


a 


b 


F 


F(0) 


a 


b 


yBai 


0.37 ±0.07 


0.645 


0.250 


ym. 


-0.20 ± 0.04 


0.748 


0.063 


y/'^i 


0.42 ± 0.08 


1.48 


1.00 


y/^1 


-0.09 ±0.02 


0.539 


1.76 


yBa, 


0.30 ± 0.05 


1.77 


0.926 


V,^'^ 


-0.39 ±0.07 


1.22 


0.426 


ABa^ 


0.48 ± 0.09 


1.64 


0.986 


j^BW 


-0.25 ±0.05 


1.69 


0.910 


yBKiA 


0.34 ±0.07 


0.635 


0.211 


yBK^B 


n 00+0.08 

U-^y-0.05 


0.729 


0.074 


i/BKiA 


0.41 ± 0.08 
0.22 ±0.04 


1.51 
2.40 


1.18 
1.78 


yBK^B 

ttBKib 

^0 


n 1 7+0.05 
'-'•^'-0.03 

'J-^'5-0.08 


0.919 
1.34 


0.855 
0.690 


j^BK^A 


0.45 ± 0.09 


1.60 


0.974 


ABKib 


n 07+0.10 


1.72 


0.912 


v,^f^ 


0.23 ±0.04 


0.640 


0.153 


ymn 


-0.13 ±0.03 


0.612 


0.078 


v^f^ 


0.26 ± 0.05 


1.47 


0.956 


yBhi 


-0.07 ±0.02 


0.500 


1.63 


Vo'^' 


0.18 ±0.03 


1.81 


0.880 


j/Bhi 


-0.24 ±0.04 


1.16 


0.294 


ABh 


0.30 ± 0.05 


1.63 


0.900 


ABhi 


-0.17 ±0.03 


1.54 


0.848 


ym 


0.16 ±0.03 


0.644 


0.209 


yBha 


-0.11 ±0.02 


0.623 


0.094 


v^f' 


0.19 ±0.03 


1.49 


1.09 


yBh, 


-0.06 ±0.01 


0.529 


1.53 


yBfs 


0.12 ±0.02 


1.84 


0.749 


^0 


-0.18 ±0.03 


1.22 


0.609 


ABfs 


0.22 ±0.04 


1.64 


0.919 


ABhs 


-0.13 ±0.02 


1.56 


0.827 



pBK^B (g2 ^ pBhx (g2 ^ 2F^^^ {q^ 



~ 1.14. 



— pBsKiB(^q2^ ~ pBshi^q2^ — pBshs(^q2^ 

In Table IVTl we show the form factor results at the maximum recoil (i.e., at q"^ = 0). 



(4.8) 



C. Branching ratios 



Our results for the semileptonic decay rates Bu^d,s -^ Aei>e are listed in Table IVIIi Most 
branching ratios are of order 10~^. For B^^d decays involving the ai or /i(1285) we obtain Tl/Tt — 
0.6, whereas for decays containing l^Pi mesons we find that Tl/Tt is close to 2. In short, the 
polarization fractions follow the relations: r_ > P^ ^ r_(_ for the former, and Tl > r_ ^ r_|_ for 
the latter. On the other hand, we have Tl/Tt ^ 0.6 — 0.7, 1.1, 1.4 — 1.8 for the semileptonic Bs 
decays involving the /i , hi and Ki , respectively. These results are sensitive to the values of form 
factors. Moreover, we have the salient patterns 

e''[ai(1260)] > ^"[5i(1235)] > i3"[/i(1285)] > i3"[/ii(1170)] > fi"[/i(1420)] > e"[/ii(1380)], (4.9) 
S^[i^i(1270)] > B^[i^i(1400)] > S^[/i(1420)] > B'[hi{1380)] > fi"[/i(1285)] > fi"[/ii (1170)], (4.10) 

where i3''[ai(1260)] = B{Bq — > Aeve)- These patterns are sensitive to the mixing angles and thus 
can offer deeper insights for the quark contents of the P-wave mesons. 
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TABLE VI: Form factors for Bg -^ Kij\^,Kib, fi, f8,hi,hg transitions obtained in the light-cone 
sum rule calculation are fitted to the 3-parameter form in Eq. ()4.7p . Here, because the decay 
constants, /sp^ and fip , are of the same sign, the form factors for Bs — > l^Pi and Bg — > l^Pi 
transitions have opposite signs. 



F 


F(0) 


a 


b 


F 


F(0) 


a 


b 


yBsKiA 
yB.KiA 


0.30 ± 0.06 
0.36 ± 0.07 


0.635 
1.51 


0.211 
1.18 


yBsKiB 

yBsKiB 


-0.25t°:°I 


0.729 
0.919 


0.074 
0.855 


rrB.KiA 

^0 


0.19 ±0.04 


2.40 


1.78 


jrBaKiB 
^0 


-o.4ot°:J^ 


1.34 


0.690 


j^BsK^A 


0.40 ± 0.08 


1.60 


0.974 


ji^BsK^B 


n OO+0.09 
"-'•"-' "-*-0. 05 


1.72 


0.912 


yBsh 


0.20 ± 0.04 


0.640 


0.153 


yBshi 


-0.11 ±0.03 


0.612 


0.078 


v^^f^ 


0.23 ± 0.04 


1.47 


0.956 


yBsh^ 


-0.06 ±0.02 


0.500 


1.63 


v.^^f^ 


0.16 ±0.03 


1.81 


0.880 


j/Bshi 
^0 


-0.21 ±0.04 


1.16 


0.294 


ABsh 


0.26 ± 0.04 


1.63 


0.900 


j^Bshi 


-0.15 ±0.03 


1.54 


0.848 


yBsh 


-0.28 ±0.05 


0.644 


0.209 


yBshs 


0.19 ±0.04 


0.623 


0.094 


vf^f' 


-0.33 ±0.05 


1.49 


1.09 


yBshs 


0.11 ±0.02 


0.529 


1.53 


^0 


-0.21 ±0.04 


1.84 


0.749 


TrBshs 

^0 


0.32 ±0.05 


1.22 


0.609 


j{Bsfs 


-0.39 ±0.07 


1.64 


0.919 


j^Bshs 


0.23 ± 0.04 


1.56 


0.827 



V. SUMMARY 

We have calculated the vector and axial- vector form factors of B decays into P-wave axial- vector 
mesons in the light-cone sum rule approach. Owing to the G-parity, the chiral-even two-parton 
light-cone distribution amplitudes of the I'^Pi and l^Pi mesons are respectively symmetric and 
antisymmetric under the exchange of quark and anti-quark momentum fractions in the SU(3) 
limit. For chiral-odd light-cone distribution amplitudes, it is the other way around. The sum rule 
results for form factors are sensitive to the light-cone distribution amplitudes of the axial-vector 
mesons. To extract the relevant form factors, the polarization of the axial- vector meson is chosen 
to be transversely polarized in the light-cone sum rule calculation. For the resulting sum rules, 
we have included the terms up to order of rriA/mb in the light-cone expansion. The numerical 
impact of l/rub corrections is under control. As discussed in Sec. IIIIl it should be stressed that 
the expansion parameter in the light-cone sum rules is rriA/'nib, instead of twist. In the present 
study, because the decay constants, /sp^ and f^p , which are defined in Eqs. (j2.ip and ()2.2p . are 
of the same sign, the form factors for B -^ l^Pi and B — > I'^Pi transitions have opposite signs. 
The sum rule results could be improved in the future by including 0{as) corrections to the sum 
rules and by improving the input parameters describing the light-meson distribution amplitudes, 
for instance from lattice calculations. We have presented the results for the semileptonic decay 
rates of Bu,d,s -^ Aev^- Theses will allow further tests of our form factor results and of the mixing 
angles in the future. 
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TABLE VII: Decay rates of Bu^d,s ~^ AeVf, obtained in this work, where T±i are in units of 
10^s~^, and the branching ratios are in units of 10~'^. Tl stands for the portion of the rate with 
a longitudinal polarization A, r+ with a positive helicity A, and r_ with a negative helicity A. 
Tt = T+ + T_. Here we use Ok^ = -(34 ± 13)°, Oip^ = (23.6l23:6)°, and Oip^ = (28.1+i?-|)°. The 
first error conies from the variation of form factors, and the second from the mixing angles. 



A 


r+ 


r_ 


Tl 


Tl/Tt 


B(B0 ^ A+e-v^) 


B{B- -^ A^e-Ve) 


ai(1260) 


7 fi+3-2 

'•D-2.6 


^^3-39 


74.81^2^:1 


Qfji+O.OO 

U.D1„Q QQ 


3.0211:°^ 


3.24ti:?^ 


/i(1285) 


A 0+1.7+0.0 
^•^-1.4-1.1 


f.9 1+23.6+ 2.1 
0^-^^-19.8-18.9 


40.4ti^Jti"il 


n Ri +0.01+0.02 

^•"1-0.00-0.01 


1 f.q+O.60+0.04 
^•'J'J-0.51-0.48 


1 7r+0.65+0.04 
-■■•'"^-0.55-0.52 


/i(1420) 


n 1+0.1+1.2 

^•-•^.-0. 0-0.0 


9 9 + 1.0+15.7 
^•^-0.8- 1.7 


1 1+0.9+10.3 
^•1-1.0- 0.5 


n ^0+0.10+0.60 

^•^°-0. 14-0.00 


n nc;+"-03+o.42 

^•"0-0.02-0.03 


n nR+0.03+0.44 
"•""-0.03-0.04 


6i(1235) 


o + 1.4 
0.0_j 2 


37.7t}^J 


or r+36.5 

°0-3-30.2 


2.08iro? 


1 qo+0.84 


9 r)Y+0.90 
^•"'-0.73 


/ii(1170) 


1 Q+1. 2+0.1 
-^•^-0.9-0.4 


91 7+10.8+1.0 
^^•'- 8.8-4.8 


r 1 7+24.8+ 2.4 
"-"^•'-20.2-11.2 


9 nc;+0.01+0.01 
^•""••-0.01-0.01 


1 91+0. 57+0. 06 
^•^'l-0.45-0.25 


1 qq + 0.60 + 0.06 

1-5-5-0.49-0.27 


/ii(1380) 


n 1+0.2+0.5 
"•^-0.0-0.1 


n 0+0.1+3.7 

"•°-0.2-0.8 


1 Q+0. 5+7.8 
i-8-0.5-1.7 


1 07+0. 03+0. 12 
-^•t" -0.14-0.07 


04+0.01+0.18 

"•"^-0.01-0.00 


n n/i+0.02+0.20 

"•"^-0.01-0.00 


A 


r+ 


r_ 


Tl 


TlITt 


B{Bs ^ A+e-9,) 




/i(1285) 


n 1+1.0+2.1 

"•^-0.2-0.3 


1 1+9.0+32.8 
^•*-4.2- 3.3 


q q + 8. 2 + 20.1 

'J-J-3.2- 2.9 


n Go+o.07+0.00 

U.OO_Q42_o.36 


n 1 9+0.27+0.00 
^•1^-0.12-0.10 




/i(1420) 


f- 9+0.9+0.4 
"•^-0.8-2.1 


on 8+17.9+ 2.8 


r7 f. + 12.3+ 2.6 
"-"•"-11.2-18.3 


n cQ+0.01+0.02 

"•"J ="-0. 01-0. 01 


9 97+0.45+0.08 
^•^'-0.42-0.70 




/ii(1170) 


n 1+0.1+0.2 

U--L-0.0-0.0 


n 1+0.2+5.7 
"■-■--O.l- 0.0 


n 9+0.3+11.6 
^•^-0.2- 0.0 


1 q7+0.02+0.71 
-'-••J '-0.48-0.00 


n ni +0.00+0.25 
^•'Ji-o.oo-o.oo 




/ii(1380) 


n 7+2.2+0.0 
"^•'-1.7-0.3 


07 (7 + 17.4+0.0 
■^'•0-14.1-4.4 


71 9+37.7+0.0 
'^•^-30.0-8.2 


1 on+0-04+0.00 

^^•"'-'-0. 06-0. 01 


1 fiQ+0.84+0.00 
^•"y-0.67-0.19 




i^i(1270) 


Q 9+3.7+0.6 
^•^-4.0-1.4 


141+54+ 9 
-L^-L-61-22 


1 c;q+57+ 
ioy_72-io 


1 n«+ooo+oi5 

J--UO_o.o5-0.12 


A rq + 1.67+0.00 
^.O0_2.oo-0.44 




i^i(1400) 


Q 1+3.4+0.6 
y-4-4.1-1.5 


11 0+45+ 8 
J^J^y-51-19 


1 qr+49 + 


1 nc;+ooo+o.i3 

^•""5-0.04-0.11 


q Q«+1.43+0.03 
0.00_i 70-0.40 
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APPENDIX A: TWO-PARTON DISTRIBUTION AMPLITUDES 



The chiral-even LCDAs are given by 



e*Wx 



-*(A)^(a), 



{A{P, A)|gi(x)7;.75?2(0)|0) = ifAniA / due'^^- p^ <l>||(n) + e^;' gf {u) 

JQ I pX 

:x„- — —mj^g^iu) + 0[x ) ) , 



2 ^{pxf 



(^(P, A)|gi(x)7^g2(0)|0) =-ifA'mAe^vpae\x^pPx''l due 



lupx 



'ff?M 



+ 0(x=^ 



(Al) 



(A2) 



/o V ^ 

where u and u = 1 — u are the momentum fractions carried by the qi and q2 quarks, respectively, 
in the axial-vector meson. The chiral-odd LCDAs are defined by 



-*W, 



-*W, 



{A{P, X)\qi{x)a,,j,q2{0m = fi J^ due'^^^ I {sT.'p. " eZ'P^.)'^±{u) 
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2 ^*(A). 



+ 



ttia e ^ 'X 



{PfiXu -PuX^)K'{u) 



(pxY ^^ Fi/-M^ 



+ ^(^£^^. - ^r^.)^^3(n) + Oix^ 



px 



(^(P,A)|g-i(x)7592(0)|0) = /imi(e*Wx) j\ue^^^'^ ("^^^ 



0(x2) , 



(A3) 
(A4) 



,('^) ^(^) ^(*) /,(p) 



where p^ = P^ — mj^x^/(2Px). Here, <l>|| , $^ are of twist-2, g^ ,g\^ ,h,, , h,, of twist-3, and (73, /13 
of twist-4. Note that in the definitions of LCDAs, the longitudinal and transverse projections of 
polarization vectors e^^ along the x-direction for the axial-vector meson are given by 



*(A) 



Pt^ - - — X 



e 



*(A) 



*(A) _ *(A) 
/^ II A' 



px \' 2px""7 ' '^^ '^ "11/^ ' ^^^^ 

One should distinguish the above projections from the exactly longitudinal (e*^*^)^) and transverse 
(^1 ) polarization vectors of the axial- vector meson, given in Eq. (|3.11|) where the results are 
independent of the coordinate variable x. 

In SU(3) limit, due to G-parity, <l>||,gj" , g\_ , and (73 are symmetric (antisymmetric) under the 
replacement u — > 1 — u for the l^Pi (1^-Pi) states, whereas $_l, h,, , hT \ and /13 are antisymmetric 
(symmetric). In other words, in the SU(3) limit it follows that 



du<^\^{u) 



for l^Pi states, but becomes 



duhf{u) = / duh!f\u) = / duh^{u) = 
" Jo " Jo 



du^Au) 



S"), 



Av) 



dugy{u) = / dugy{u) = / dug^{u) = 



(A6) 



(A7) 



for l^Pi states. The above integrals are not zero if niq^ / 771^3, and the detailed discussions can be 
found in Ref. [11[. For convenience, we therefore normalize the distribution amplitudes of the l^Pi 
and l^Pi states to be subject to 



/ du^Y^{u) = l and / du^^l^{u) = l. 
Jo " Jo 

We set /sp = /sp^ and /ip^ = f^ (/^ = 1 GeV) in the study, such that we have 

{l^PiiP, A)|gi(0)a^,75'Z2(0)|0) = /ap^a^''^^ (6*Wp, - e<^^P^), 
{I'PiiP, A)|gi (0)7^7592(0)10) = ifr\{l GeV)af ^^ mip^ e*^ , 

where Oq ' ^ and a^ ^ are the Gegenbauer zeroth moments and vanish in the SU(3) limit. 



(A8) 

(A9) 
(AlO) 



111 



We take into account the approximate forms of twist-2 distributions for the l^Pi mesons to be 



$11 (u) 
$1 (u) 



6uu 
6uu 



1 + 3a} C + 4^(5^2-1) 



a^ + 3ai^ + ai-{5e-l] 



(All) 
(A12) 
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and for the l^Pi mesons to be 

^±{u) = 6uu 



l + 3a^C + 4^(5e'-l) 



(A13) 
(A14) 



where ^ = 2m — 1. 

For the relevant two-parton twist-3 chiral-even LCDAs, we take the approximate expressions up 
to conformal spin 9/2 and 0{ms) [11]: 

a^e - 3) 



+5 



2i y y j^ I \A A 

9 ~ /3 3 \ 9 ~ 

- -af 5+ ( 9 + 9 ^^ + In u + In -u j - -af 5_ (3^ + In n - In n) , 



+ 



1 II ^^^v- 
4«2 + 3 Cs.spi 



35 



16 '^V T^3,3Pi 



1 



{be - 1) 



^rw = ^a{i(i+a + ^«k'+5 






e(5C^ 



+ ^ 4 (i5C^ - ee' - 1) +5Cl.p^xYp^ {^e - 1 

+ ^ (^3^^P.< - ^Crp^cxrp,) (35^^ - 30e^ + 3 



15a^ 



5+e + -6^{3e-l) 



5+ (2^ + In u - In n) + 5_ (2 + In u + hi u) 



(l+6a^ 



^II ("") = 6uu< al + alj,^ + 



7^2 + o'^3,iPi -^iPi - T^'^iPi + T^3,iPi^iPi 



20^ 



4^3 
21 / .V 1 
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(A15) 



— 18 ai 5j^ {?>uu + m In u + u In m) — 18 a^^ 6- {uu^ + li In u — n In n) , (A16) 
for the l^Pi states, and 

»^,A _ 3^11,1 , ^2^ 3 



(A17) 



{be - 1) 



^t^Pi + Ye ( '^3^'^! ~ 28 ^^^^p^^^p^ I '^^^^ ~ ^^ 



ba^[25+i + 5.{l + e)\ 



8j^{u\q.u — u In u) + 5^ {2uu + n In u + u In n) 



(l + 6a^), 



(A18) 
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for the l^Pi states, where 



pV(A) 



Ia ruA ' ^'^ fArriA' 



APPENDIX B: AN ALTERNATIVE DEFINITION OF FORM FACTORS 



Following Ref. 21[, the semileptonic form factors for the B ^ A transition are alternatively 



defined in the following way 

{Aip,X)\A^\B-,{pB)) = i e^,^per^.p%p^A^''^{q^), 

ruBg -ruA ^ ' 

{A{p,X)\V,\B,{pb)) = -l{mB,-mA)el^>V,''^^{q')-{e'-^>-pB){pB+p)^^''' ^'^' 



^ ^ " ' ' ' '' ■ ■ ruBg - mA 



=(A)* . 



vf''%')-v,''^%') 



(Bl) 



-2m/— ^,^ 

r 

where q = Pb — P, Vs "^ (0) = V'q ' (0) and 

{Ala^VlB,} = 2im.A{e'pB)V„"'-*{g^). (B2) 

Following the above paranietrization, the numerical results of the light-cone sum rules for the form 
factors are listed in Table IVlIIl 



APPENDIX C: DECAY AMPLITUDES 

The differential decay rates for B^ -^ A'^e^Ue ai^e given by 






mj 
X [(1 - cos efH^ + (1 + cos efHl + 2(1 - cos^ e)H^], (CI) 

with the helicity amplitudes being 

H± = {rriB, + mA)Vi{q^) T ^^ A{q^), 

ruBg + ruA 

^0 = o h^[i^k-ml-Q')i^B,+mA)V,{q^) ^ V2iq% (C2) 

Here E^ is the electron energy in the Bq rest system. 6 is the polar angle between the A and e~ in 
the (e~,Pe) system, and is given by 

{ml -m\ + q^)-AmB,Ee 
cos 6 = j^^ , (C3) 
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TABLE VIII: Following the parametrization given in Eq. (jBip . form factors for Bu,d,s — *■ A transi- 
tions obtained in the light-cone sum rule calculation are fitted to the 3-parameter form in Eq. (j4.7p . 
Here, because the decay constants, /sp^ and f^p , are of the same sign, the form factors for 



B^s) - I'^i 


and S(,) -^ l^Pi 


transitions have opposite signs. 








F 


F(0) 


a 


b 


F 


F(0) 


a 


b 


yBa^ 


0.60 ±0.11 


0.645 


0.250 


ym. 


-0.32 ±0.06 


0.748 


0.063 


Vf^' 


0.26 ±0.05 


1.48 


1.00 


vf'^ 


-0.06 ±0.01 


0.539 


1.76 


Fo^- 


0.30 ±0.05 


1.77 


0.926 


vi^'^ 


-0.39 ±0.07 


1.22 


0.426 


j^Bai 


0.30 ±0.05 


1.64 


0.986 


^Bh, 


-0.16 ±0.03 


1.69 


0.910 


yBK^A 


0.56 ±0.11 


0.635 


0.211 


yBK^B 


-o.48tg:Si 


0.729 


0.074 


yBK,A 


0.25 ±0.05 


1.51 


1.18 


yBK^B 


-o.ioi°:°i 


0.919 


0.855 


^0 


0.22 ± 0.04 


2.40 


1.78 


^/BK^B 


n 4'^+o-i2 

-U.4a_oo8 


1.34 


0.690 


j^BKiA 


0.27 ±0.05 


1.60 


0.974 


ABKib 


n 00+0.06 
-U.Z2_o.04 


1.72 


0.912 


vff^ 


0.37 ±0.07 


0.640 


0.153 


yBh, 


-0.21 ±0.04 


0.612 


0.078 


v^f^ 


0.16 ±0.03 


1.47 


0.956 


y/'^i 


-0.04 ±0.01 


0.500 


1.63 


v-f^ 


0.18 ±0.03 


1.81 


0.880 


yBh. 


-0.24 ±0.04 


1.16 


0.294 


A^h 


0.18 ±0.03 


1.63 


0.900 


ABhi 


-0.10 ±0.02 


1.54 


0.848 


v,^f^ 


0.26 ±0.05 


0.644 


0.209 


yBh, 


-0.18 ±0.03 


0.623 


0.094 


y//B 


0.11 ±0.02 


1.49 


1.09 


V^^' 


-0.03 ±0.01 


0.529 


1.53 


<^« 


0.12 ±0.02 


1.84 


0.749 


irBhs 
^0 


-0.18 ±0.03 


1.22 


0.609 


ABfs 


0.13 ±0.02 


1.64 


0.919 


ABhs 


-0.08 ±0.02 


1.56 


0.827 


yBsKiA 


0.49 ±0.10 


0.635 


0.211 


yBsKiB 


-0.42l°:S^ 


0.729 


0.074 


yBsKiA 


0.22 ±0.04 


1.51 


1.18 


yBsKiB 


-o.o9l°:°i 


0.919 


0.855 


^0 


0.19 ±0.04 


2.40 


1.78 


ttBsKib 

^0 


-n 40+°-i^ 


1.34 


0.690 


A^^^T-A 


0.24 ±0.04 


1.60 


0.974 


ABsKib 


_n in+0.05 
u-J-y-o.os 


1.72 


0.912 


yBsfi 


0.33 ± 0.06 


0.640 


0.153 


yBshi 


-0.18 ±0.04 


0.612 


0.078 


F/^^1 


0.14 ±0.03 


1.47 


0.956 


yBshl 


-0.04 ±0.01 


0.500 


1.63 


vf^^^ 


0.16 ±0.03 


1.81 


0.880 


jrBshi 
^0 


-0.21 ±0.04 


1.16 


0.294 


A^./i 


0.16 ±0.03 


1.63 


0.900 


ABshi 


-0.09 ±0.02 


1.54 


0.848 


yBsfs 


-0.46 ± 0.09 


0.644 


0.209 


yBshs 


0.32 ±0.05 


0.623 


0.094 


vi^f- 


-0.19 ±0.03 


1.49 


1.09 


yBshs 


0.05 ±0.02 


0.529 


1.53 


v.'^^f' 


-0.21 ±0.04 


1.84 


0.749 


J/Bshs 


0.32 ±0.05 


1.22 


0.609 


A^^fa 


-0.23 ±0.04 


1.64 


0.919 


ABshs 


0.14 ±0.03 


1.56 


0.827 



with A = (m^ ± m\ — q^)"^ — 4m^ tti^i- For a fixed electron energy, q^ varies over the region 
< g2 < g^^^, where 



q^ 



2Ee{m%^ -m\- 2mB^Ee 
ruB^ - 2Ee 



(C4) 
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and the related range of E^. is: < E^. < {m\ — m\)/{2mBg 
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